This study aimed to compare feed intake, digestion, rumen fermentation parameters and bacterial community of 5 beef cows, 12 crossed ewes and 12 goats grazing together in spring-early summer on heather-gorse vegetation communities with an adjacent area of improved pasture. Organic matter intake (OMI) and digestibility (OMD) were estimated using alkane markers. Ruminal fluid samples were collected for measuring fermentation parameters, and studying the bacterial community using terminal restriction fragment length polymorphism (T-RFLP). Spot samples of urine were taken to determine purine derivative (PD) and creatinine concentrations to estimate microbial protein synthesis in the rumen. Herbaceous species were the main dietary component in all animal species. Cattle had higher (p < 0.05) daily OMI (g/kg LW 0.75 ) and OMD, whereas sheep and goats showed similar values. The highest ammonia concentration was observed in sheep. Total VFA, acetate and butyrate concentrations were not influenced by animal species, while propionate concentrations in goats were 1.8 times lower (p < 0.05) than in sheep. Acetate:propionate ratio was greater (p < 0.05) in goats, whereas cattle excreted more allantoin (p < 0.05). Estimated supply of microbial N was higher in cows (p < 0.01), whereas the efficiency of microbial protein synthesis was lower (p < 0.01) in this animal species. Hierarchical clustering analysis indicated a clear effect of animal species on rumen bacterial structure. Differences among animal species were also observed in the relative frequency of several T-RFs. Certain T-RFs compatible with Lachnospiraceae, Proteobacteria and Clostridiales species were not found in goats, while these animals showed high relative frequencies of some fragments compatible with the Ruminococcaceae family that were not detected in sheep and cattle. Results suggest a close relationship between animals' grazing behaviour and rumen bacterial structure and its function. Goats seem to show a greater specialization of their microbial populations to deal with the greater fibrous and tannin content of their diet.
Introduction
The evolutionary adaptations presented by the different domestic herbivore species allow them a different ability for selecting, ingesting and digesting the available food items (Hofmann, 1989) . This different ability to exploit plant resources shapes the suitability of a particular species to thrive and get adequate productive responses. Among ruminant domestic species, cattle and sheep are known to be mostly grazers, although in general sheep are more selective than cattle (e.g. Hodgson et al., 1991) . Goats, however, are known to be mixed feeders and more browsers (e.g. Clark et al., 1982) . Thus, goats seem to be a good complement to the other ruminant species to have a more efficient utilization of these low-quality resources.
Besides the mouth morphological characteristics (snout width, teething, tongue, etc.), rumen physiological characteristics of ruminants are crucial to efficiently digest the eaten food (Van Soest, 1994) . However, although some differences between species in ruminal digestion and fermentation parameters have been described (e.g. Frutos et al., 2004) , there is still a lack of knowledge on the rumen microbial populations that are responsible for the digestibility of fibrous plant material. In the case of tannin-containing plants such as heather (Erica spp., Calluna vulgaris), ruminant species are known to incorporate it in their diets in variable amounts, despite their negative effect on rumen proteolytic bacteria and, hence, on nitrogen metabolism in the rumen (McSweeney et al., 2001) .
The objective of this work was to compare feed intake, digestion and rumen function characteristics (fermentation parameters and bacterial community) of cattle, sheep and goats grazing upland vegetation communities composed of heathlands and improved pastures.
Material and methods

Animals and management
A group of 5 Asturiana de los Valles beef cows [479 AE 60.3 kg live weight (LW)], 33 Gallega and Lacha crossed ewes (40 AE 6.7 kg LW) and 35 Cashmere does (37 AE 8.9 kg LW) were managed together with their respective offspring (born in late winterearly spring) in a plot of 22.3 ha, located at 900-1000 m a.s.l. at the Carbayal Research Station, Sierra de San Isidro, Illano, western Asturias, NW Spain (43°1 9 0 N, 6°53 0 W). Plot was established on natural shrubland and comprised 76% of the area, consisting mainly by small heather species (Erica umbellata, Erica cinerea and Calluna vulgaris), tall heather (Erica australis and Erica arborea), gorse (Ulex gallii) and natural herbaceous species (mostly grasses such as Agrostis curtisii and Pseudarrhenatherum longifolium). The remaining area (24%) was covered by an improved pasture area which had been previously sown with perennial ryegrass (Lolium perenne cv 'Phoenix'), hybrid ryegrass (L. x hybridum cv 'Dalita') and white clover (Trifolium repens cv 'Huia'). It should be noted that the native grass Agrostis capillaris was the dominant species in the sward at the time of the experiment. All animals were drenched with ivermectin (Oramec â , Merial, Lyon, France) against gastrointestinal nematodes 2 weeks before turnout.
The study lasted for 71 days (early-May to midJuly) and included an adaptation period of 60 days to the experimental site and conditions, followed by a 11-day period for organic matter intake (OMI), organic matter digestibility (OMD) and diet composition estimations of all cows and 12 randomly selected ewes and goats. Rectal faecal samples of each animal were collected daily using the grab sampling technique. Samples of ruminal fluid were collected at the end of experimental period for measuring ruminal fermentation parameters and bacterial community structure. Spot urine samples were also collected during the last two experimental days (1 per day) to determine purine derivative (PD) concentration and estimate microbial protein synthesis in the rumen.
Vegetation measurements
Improved pasture availability was measured weekly by recording the sward surface height at 200 random points using the HFRO swardstick (Barthram, 1986) . Botanical composition of both improved pasture and heathland area was assessed in late June by recording the plant species, phenological state (green or dead) and height at 1000 hits in each vegetation type (5 contacts every 20 cm in 200 randomly selected loci) using a vertical point-quadrat (Grant, 1981) .
The main vegetation components (heaths, gorse, natural herbaceous plants, L. perenne and T. repens), harvested in the last 11 days of the experiment, were analysed for DM (ISO 6496:1999) , ash (ISO 5984:2002) and CP (ISO 5983-2:2009 ). Neutral detergent fibre and acid detergent fibre were determined using an Ankom 2000 fibre analyser (Ankom Technology Methods 13 and 12, respectively; Ankom Technology Corp., Macedon, NY, USA, https:// ankom.com/procedures.aspx). Neutral detergent fibre was assayed with sodium sulphite and a-amylase and expressed with residual ash (the latter also for ADF). Total phenol (TP) and total tannin (TT) contents of the woody species (i.e. heaths and gorse) were determined using the Folin-Ciocalteu assay with polyvinyl-polypyrrolidone, using tannic acid (TA; Merck, Damstadt, Germany) as the reference standard (Makkar, 2003) .
Diet composition, feed intake and digestibility
For OMI estimation, all cows were dosed orally, using a specific designed applicator, once-daily (08:30 h) for 11 days (days 61-71), a paper pellet containing the n-alkane C 32 (n-dotriacontane). Simultaneously, 12 randomly selected ewes and 12 goats were dosed orally once-daily (08:30 h) for 11 days, a paper pellet containing 53.6 AE 4.71 mg of C 32 . These synthetic n-alkanes (99% pure, Sigma-Aldrich Corp., St. Louis, MO, USA) were absorbed into shredded paper (Whatman N°1 filter paper, GE Healthcare, Buckinghamshire, UK) following the procedure of Mayes et al. (1986) . Individual faecal samples were collected in the last 4 days (days 68-71). As individual ewes and goats faecal samples were in not enough quantity, samples were pooled across days, resulting in one sample per each animal. Simultaneously, samples of the main plant components, that is leaves and/or green shoots of short heather, tall heather, gorse, heath grasses and improved pasture, were collected. All samples were stored at À20°C and then freezedried and milled prior to analytical procedures. Alkanes (from C 21 to C 36 ) were extracted using the method of Ferreira et al. (2005) and were quantified by gas chromatography using C 22 and C 34 as internal standards.
Organic matter intake (OMI) was estimated from the faecal ratio of naturally occurring and dosed nalkanes (C 31 :C 32 and C 33 :C 32 ) in the diet and faeces samples, according to Mayes et al. (1986) as follows:
where C j is the amount (mg) of the synthetic nalkanes (C 32 ) in the paper pellets, F i and D i are the respective concentrations (mg/kg OM) of the natural alkanes (C 31 and C 33 ) in faeces and in the consumed diet, and F j and D j are the respective concentrations (mg/kg OM) of C 32 in faeces and consumed diet. The concentration of alkanes (C 31 , C 32 and C 33 ) in the consumed diet (D i or j ) was calculated for each animal (Eq. 2), based on the proportions estimated using the alkanes C 25 -C 33 (except the dosed synthetic n-alkane C 32 ), as follows:
where l, t, h, u and n are the known proportions of components L (L. perenne), T (T. repens), H (heaths), U (U. gallii) and N (natural herbaceous) in the diet and L i or j , T i or j , H i or j , U i or j and N i or j are the concentrations of alkane i or j in the vegetation components L, T, H, U and N. Due to their similar alkane profile, A. capillaris, A. curtissi and P. longifolium were considered as one dietary component denominated as natural herbaceous species. The proportions of the plant components in the diet were estimated using the computer package EatWhat (Dove and Moore, 1995) . For diet composition calculations, the alkanes C 21 , C 23 and C 35 were not used due to their very low concentrations in all plant species. Alkane C 32 was also not used as it was supplied via the paper pellets. Before the calculations, alkane faecal concentrations were corrected for their incomplete faecal recovery using data calculated in previous validation studies with cows (Ferreira et al., 2007a) , ewes (Ferreira et al., 2007b) and goats (Ferreira et al., 2005) .
To calculate the overlap in diet composition between animal species, the Kulczynski similarity index as KSI = Σ2c i /Σ(a i + b i ) was used, where c i is the lesser proportion of i dietary component in the two animal species, and (a i + b i ) is the sum of the proportions of each dietary component in both species. This index ranges from 0 (no overlap) to 1 (total match).
The estimated proportions of the dietary components provided by the computer package EatWhat were also used for OMD calculations. In fact, as suggested by Dove and Moore (1995) , this program gives the estimated amounts of each dietary component (i.e. L, T, H, U and N) that results in 1 kg of faeces. Thus, apparent OMD was calculated as (
Ruminal fermentation parameters and urinary excretion of purine derivatives Individual samples of ruminal fluid were collected by stomach tubing. Immediately after collection, the fluid was strained through 2 layers of muslin cloth, its pH was measured and 4 ml was acidified with 4 ml of 0.2 M HCl for ammonia analysis. A further aliquot of 0.8 ml of ruminal fluid was taken for the determination of volatile fatty acids (VFA; deproteinized with 0.5 ml of 20 g/l metaphosphoric and 4 g/l crotonic acids in 0.5 M HCl). All samples were stored at À30°C until analysis. Ammonia concentration was determined by a colorimetric method and VFA by gas chromatography, using crotonic acid as the internal standard, both in centrifuged samples (Frutos et al., 2004) .
Spot urine samples were collected using a urinary catheter and immediately mixed with 10% sulphuric acid to maintain the final pH below 3 and were then stored at À30°C until analysis. Urinary PD (allantoin, hypoxanthine, uric acid and xanthine) and creatinine were measured by HPLC for the estimation of microbial protein synthesis in the rumen (Balcells et al., 1991) .
Daily urinary excretion of PD was calculated by multiplying the urinary allantoin to creatinine ratio by the expected creatinine excretion (mmol/d). Because total urine collection is impractical under grazing conditions, this spot sampling method was used to estimate daily excretion using creatinine as the urine volume marker (Chen et al., 1995) . For calculations, it was assumed that creatinine excretion (mmol/kg LW 0.75 ) was 0.97 in cattle, 0.47 in sheep and 0.38 in goats and that allantoin showed a constant contribution to total PD (90, 80 and 76% in cattle, sheep and goats respectively). The microbial nitrogen supply (MNS) to the duodenum was calculated from the estimated daily urinary excretion of PD, using response models proposed for the three ruminant species. All these values and models were based on reports by Balcells et al. (1991) and Chen et al. (1995) for sheep, Gonz alez-Ronquillo et al. (2004) for cattle and Mota et al. (2008) for goats. The method for the calculation of MNS from purine bases (PB) absorption presumes that the PB:N ratio in mixed rumen microbes remains unchanged. The efficiency of microbial protein synthesis (EMPS) was estimated as g of microbial N per kg of digestible OM intake (DOMI).
Analysis of the rumen bacterial community
Subsamples of the collected ruminal fluid were frozen at À30°C, freeze-dried and then stored at À80°C until microbial analysis. The bacterial community was studied using the terminal restriction fragment length polymorphism (T-RFLP) technique. Samples were thoroughly homogenized, and DNA was extracted by physical disruption using a beadbeater (Mini-bead Beater, BioSpec Products, Bartlesville, OK, USA) and subsequent DNA purification with the QIAamp DNA Stool Mini Kit (Qiagen Inc., Valencia, CA, USA), as reported in Belenguer et al. (2010) . DNA was extracted twice from each sample, and duplicates were combined and employed as templates for T-RFLP analyses. The DNA concentrations and purity were measured by spectrophotometry (NanoDrop ND-1000 Spectrophotometer; Nanodrop Technologies, Wilmington, DE, USA).
The T-RFLP analysis was performed as outlined previously (Belenguer et al., 2010) , with a universal bacteria-specific primer pair set (27f: AGAGTTT-GATCCTGGCTCAG; and 1389r ACGGGCGGTGTGTA-CAAG; Hongoh et al., 2003) and 2 restriction enzymes (HhaI and MspI; Takara Bio Inc., Otsu, Shiga, Japan). The lengths of the fluorescently labelled terminal restriction fragments (T-RFs) were determined with the size standard ET-550-R (GE Healthcare Life Sciences, Buckinghamshire, UK) using the GeneMarker Analysis software (SoftGenetics, State College, PA, USA). To infer the potential bacterial composition in the samples, in silico restriction for the major rumen bacteria was obtained from the Ribosomal Database Project II Web site (http://rdp.cme.msu.edu/index.jsp; Cole et al., 2014) .
Data from T-RFLP (size, bp, and peak area for each T-RF) were analysed for peak filtering and binning as outlined by Abdo et al. (2006) . They were then used to determine the relative abundance of each fragment over the total peak area, as well as the diversity indices (number of T-RF or richness, and Shannon-Wiener and Shannon evenness indices; Hill et al., 2003) .
Statistical analysis
Data were analysed by one-way analysis of variance, employing the MIXED procedure of the SAS software package (version 9.3, SAS Institute Inc., Cary, NC, USA). Means were separated through the 'pdiff' option of the 'lsmeans' statement of the MIXED procedure. Differences were considered significant at p < 0.05 and considered a tendency at p < 0.10. Least square means were obtained.
For T-RFLP data, as some results did not satisfy the assumptions of normality, they were transformed to log 10 (n + c) before analysis. The constant 'c' was used to avoid mathematically undefined computations in T-RF with zero values and was of the same order of magnitude as the variable (i.e. average value of relative abundances for each T-RF). Hierarchical clustering analysis with Ward 0 s method based on Bray-Curtis distances was performed with R-project software (www.r-project. org, version 2.13.1) to build a dendrogram with relative abundance data derived from T-RFLP (T-RF).
Results
Vegetation measurements
The improved pasture area was dominated by the native grass A. capillaris (40.5%), while L. perenne and T. repens accounted for 26.5% and 7.9% vegetation cover respectively. Other grasses and graminoids represented 8.8%, and other dicots 3.1%. Dead foliage accounted for 11.9%, with the rest (1.3%) being moss, bare ground and faeces. Mean sward surface height in the improved pasture area across the study was 6.2 cm, decreasing from an initial sward height of 8.1 cm at early May to 4.8 cm in July. Heathland area was mainly composed of short heaths (47.2%), mostly E. umbellata (38.5%), E. cinerea (6.3%) and C. vulgaris (1.7%). Gorse accounted for 24.1% and natural herbaceous species mixed in the heathland totalled 10.7% (9.6% grasses), while the rest was dead matter (12.9%) and bare ground, lichen, moss and stones (2.9%).
Cell wall components represented the main fraction of U. gallii and the natural herbaceous species, while T. repens had very low NDF and ADF contents ( Table 1 ). The CP content of the improved pasture species was high compared with that found in the native heath grasses. By contrast, heaths were characterized by low CP content and high TP and TT contents. Comparison of the alkane profiles indicated that the herbaceous species had low total alkane concentrations, particularly those of the improved pasture area. Heaths had the highest total alkane concentration. This alkane also tended to predominate in all other vegetation but T. repens, where the alkane in highest concentration was C 29 .
Feed intake, diet composition and digestibility Diet composition differed between animal species (Table 2) , being the herbaceous species their main dietary component. Sheep tended to prefer T. repens, whereas goats avoided it, preferring L. perenne and natural herbaceous species. Cattle seemed to select similar proportions of T. repens and L. perenne. All animal species incorporated natural herbaceous species in their diets. Within the woody species, all animal species avoided heaths, while sheep and goats included low and moderate amounts of gorse in their diets. The degree of overlap between diets selected by livestock species was greater between cattle and sheep than between sheep and goats or goats and cattle.
The OMI and OMD varied (p < 0.001) among animal species (Table 2) . Cattle presented the highest (p < 0.05) level of OMI, whereas sheep and goats showed similar level of intake. The OMD values were very high and differed among animal species (p < 0.001). Cattle showed the highest OMD value, whereas no differences were observed in this parameter between the small ruminant species.
Ruminal fermentation parameters and urinary excretion of purine derivatives Fermentation parameters, including pH, ammonia and VFA concentrations, measured in the ruminal fluid of the three animal species are shown in Table 3 . Rumen pH was greater (p < 0.05) in sheep compared with goats, whereas that in cattle did not differ from those observed in the small ruminant species. Ammonia concentration was higher (p < 0.05) in sheep than in cattle and goats. Conversely, animal species had no effect on total VFA, acetate and butyrate concentrations. Propionate concentration varied among species, with goats showing 1.8 times lower (p < 0.05) values than sheep, and cows showing no differences from small ruminants. Acetate:propionate ratio was greater (p < 0.05) in goats, and cattle and sheep presented similar ratios. Valerate and branched-chain VFA concentrations (referred to as 'others' in Table 3) were also bigger (p < 0.05) in sheep.
Daily excretion of PD in urine and microbial protein synthesis are also presented in Table 3 . Cows excreted Means within a line with different superscripts differ significantly (p < 0.05). more (p < 0.05) allantoin than goats, whereas the value in sheep did not differ from those of the other species. The total PD excretion in cattle tended (p < 0.10) to be higher than in goats. The estimated supply of microbial N was greater (p < 0.01) in cows compared with sheep and goats, but the EMPS was lower (p < 0.01).
Rumen bacterial community analysis
Data on the rumen bacterial T-RFLP analysis are shown in Tables 4 and 5 . Although the diversity indices (number of T-RF or richness, and ShannonWiener and Shannon evenness) obtained with the enzyme HhaI were similar in the three species, differences were observed when MspI was employed, with goats having lower values than cattle and sheep (p < 0.01) for the three indices (Table 4) . Results of the hierarchical clustering analysis indicated a clear effect of animal species on rumen bacterial structure (Fig. 1) , ruminal fluid samples of all animals of the same species being allocated in the same cluster. Means within a line with different superscripts differ significantly (p < 0.05). Means within a line with different superscripts differ significantly (p < 0.05). Differences among cattle, sheep and goats were also observed in the relative frequency of several T-RFs (Table 5) . For example, certain T-RFs that are compatible with Lachnospiraceae (315 bp with MspI), Proteobacteria (102 bp with HhaI and 475 with MspI) and Clostridiales (485 bp with MspI) species did not appear in caprine samples. On the contrary, goats showed the highest relative frequencies in some fragments whose abundances were above 3.4% (378 bp with HhaI, and 542 with MspI) and 9.6% (380 bp with HhaI, and 545 with MspI). These may correspond to bacteria of the family Ruminococcaceae, while most of them were detected neither in sheep (380 with HhaI and 542 bp with MspI) nor in cattle (542 and 545 bp with MspI). The relative frequency of other T-RF also varied between ovine and bovine rumen. For instance, the abundance of Bacteroidales-compatible T-RF (98 with HhaI and 85 bp with MspI) was greater in sheep (p < 0.05), whereas those of a Prevotellaceae-(531 bp with MspI; p < 0.01) and a Clostridiales-compatible T-RF (231 bp with HhaI and 485 with MspI; p < 0.05) reached their greatest values in cattle.
Discussion
Available vegetation, foraging behaviour and digestibility
The present experiment was carried out in conditions normally found in the Atlantic heathland vegetation communities with adjacent areas of improved pasture during the spring-early summer, that is moderate availability of improved pasture (expressed as sward height). Mean sward height (6.2 cm) was within the mean values (6-10 cm) reported in previous studies (Celaya et al., 2008) for the same pasture type. Improved pasture was characterized by a high nutritive value with very low cell wall contents and high CP content when compared with natural vegetation as also found by Ferreira et al. (2013) . As expected, U. gallii presented a high CP content, while heaths had the lowest CP content. U. gallii is generally characterized by a moderate-high CP content and its green shoots can reach up to 215 g CP/kg DM (Ferreira et al., 2005) in the beginning of the grazing season.
All animal species intensively selected the herbaceous vegetation, especially the high nutritious improved pasture, as also observed by Celaya et al. (2008) . A shift towards the browse species is expected later in the grazing season, when improved pasture availability decreases below 4 cm . In goats, woody species can reach up to 80% (mainly heaths) of their diets in the autumn season (Ferreira et al., 2013) . In cattle and sheep, these species form a much lower proportion of diet (Celaya et al., 2008) . U. gallii was incorporated in the diet of sheep and goats, while cattle did not use it. The inability of cattle to select woody species is well known (Ferreira et al., 2013) and is related to morphophysiological characteristics (i.e. mobile tongues, large and flat muzzle) making them specialized for grass feeding (Putman et al., 1987) . By contrast, the smaller mouthparts and longer and narrower muzzle presented by the small ruminant species (Vallentine, 2001 ) allow them to select more efficiently the most nutritive parts of the woody species. Within the herbaceous vegetation, goats tended to avoid T. repens (0.012) as also observed by Clark et al. (1982) . Cattle and sheep exhibited a preference for T. repens which is consistent with the results obtained previously by Penning et al. (1997) . This similar behaviour of cattle and sheep can be the solution found by animals for a multiple-goal task that include novelty, sampling, conserving carbon and nitrogen balance and rumen functions, conditioned taste aversion and antipredator behaviour (Rutter, 2006) . Data showed that natural herbaceous species were also an important part of animals' diet, despite the moderate availability of improved pasture. The hot weather conditions observed in July may have lead animals to alter their spatial choice from the improved pasture areas towards the heathland area where they are able to find shade and protection from these conditions.
Results on OMI pointed out to a greater intake capacity of cattle than the small ruminant species. Comparison of feed intake values is difficult as it is known to be affected by animal factors, sward characteristics, environmental conditions, management decisions and also their interactions (Vallentine, 2001) . Nevertheless, OMI observed for cattle are consistent with those found by Sprinkle et al. (2000) in beef cattle breeds (157 g OM/kg LW 0.75 /d) grazing on Panicum coloratun pastures during early and late summer. Recently, Osoro et al. (in press) in the same research farm in early-spring, with cattle having an improved pasture availability between 8 and 10 cm, average intake values of 184 g DM/kg LW 0.75 /d, were observed. Feed intake values observed in cattle were 2 times higher than those observed in goats and sheep. Also Pearson et al. (2006) and Aguerre et al. (2013) reported a higher intake capacity in cattle (1.4 times higher) compared with sheep fed with very distinct pastures and forage feeds. These results were expectable as feed intake is known to be closely related to gut capacity that increases with body weight (Demment and Van Soest, 1985) .
Results also showed similar intake capacities in the small ruminant species that may be explained by the very high nutritive value of the diet selected by them. Dulphy et al. (1997) underlined that differences in feed intake between sheep and goats can be observed when animals are fed on low-quality diets. Other studies (Molina-Alcaide et al., 1997) were able to detect higher feed intake values in goats compared with sheep, despite the similar botanical and chemical composition, and moderate in vivo digestibility of the diets selected by the animals. According to the authors, goats have a higher passage rate of digesta and a greater rate of rumen degradation in goats (Silanikove et al., 1993) , related to a greater chewing efficiency (P erez-Barber ıa and Gordon, 1998). This allows them a greater velocity in removing the ingested residues from the digestive tract, maximizing their intake capacity. Differences between cattle and the small ruminant species can also be attributed to differences in the chemical composition of the diet. A clear association between chemical composition and intake in ruminant species is well known, with intake decreasing with the decrease in the nutritive value of feeds (i.e. higher cell wall content and lower digestibility) that results in a higher retention time of digesta in the gut (Van Soest, 1994) . In the present study, cattle tended to select a diet (mainly T. repens) lower in cell wall components, whereas small ruminant species tended to select grass species with high fibre content, and variable proportions of woody species with high lignin content (Ferreira et al., 2005) .
Results showed a higher OMD in cattle (0.859) compared with sheep (0.809) and goats (0.791). These results are consistent with those observed by Reid et al. (1990) in a large comparative study of cattle and sheep fed on warm-and cool-season forages. Also Ud en and Van Soest (1982) found greater abilities of cattle to digest Phleum pratense hay than sheep and goats. Differences between ruminant species in the ability to digest fibrous feeds are generally attributed to differences in their body weight (Ud en and Van Soest, 1982; Van Soest, 1994; Dulphy et al., 1997) . Large-bodied ruminants show greater digestive efficiency than small ruminants as a result of larger forestomachs and longer retention times of the digesta in the gut. However, nutritive value of the diet used in each study may have an important influence on the magnitude of the differences between ruminant species and may explain some of the contradictory results reported in the literature. For example, Aguerre et al. (2013) found similar digestion capacities in cattle and sheep fed medium-to high-quality diets with OMD values ranging from 0.667 to 0.780. According to Dulphy et al. (1997) , differences between cattle and the small ruminant species are larger when animals are fed on low-quality feeds, and tend to decrease with the increase in its nutritive value. It seems that cattle lose the advantage of having greater gut capacity and longer retention times of digesta to digest more efficiently these high nutritional feeds (Demment and Van Soest, 1985) . Our results are not consistent with this suggestion, as differences were observed despite the very high OMD values in all animal species. Inclusion of fibrous feeds with high lignin content in small ruminant diets may explain these differences. When comparing the small ruminant species, no differences on their digestion capacity were observed. This feature was also observed in previous studies conducted by Molina-Alcaide et al. (1997) when comparing the in vivo digestibility of poor-to good-quality diets in sheep and goats. Although some authors (Reid et al., 1990; Dulphy et al., 1997 ) observed a greater digestive capacity of goats compared with sheep, Dulphy et al. (1997) suggested that these differences are high when animal are fed on low nutritious feeds.
Rumen fermentation and bacterial community
Different grazing behaviour among ruminant species has a great impact on the rumen microbial ecology and composition, as it relies considerably on the consumed diet (Henderson et al., 2015) . In fact, differences among species in rumen microbiota and fermentation parameters found in the present study can be attributed, at least partly, to the selected feed ingredients. The major level of overlap between diets selected by cattle and sheep was consistent with results on the rumen bacterial community structure (see Fig. 1 ). In agreement with these findings, goats presented lower values of bacterial diversity in the rumen, which suggests a greater microbial specialization (Dehority, 2003) , probably due to their larger consumption of woody species (more lignin and tannins). Notwithstanding the variations related to the diet, the gastrointestinal systems of the three ruminant species may have significant functional differences due to their diverse anatomical characteristics and evolutionary adaptation (Hofmann, 1989) .
Dissimilarities in the relative abundances of several specific T-RF might also be a consequence of the selected diet. For instance, although both small ruminant species included highly lignified fibrous feeds in their diets, the proportion of these ingredients was greater in goats. This might have induced an increase in fibrolytic species of the family Ruminococcaceae, as indicated by the abundance of fragments compatible with this population (e.g. 380 and 454-bp T-RF with HhaI and MspI respectively). Furthermore, despite the controversy over the sensitivity of Ruminococcus spp to tannins, these species might have adapted to the larger concentration of phenolic compounds in the rumen of goats (Krause et al., 2004) . On the other hand, these secondary metabolites are known to inhibit many other bacteria, including species of the family Lachnospiraceae (Krause et al., 2004) , which may correspond to the 315-bp T-RF with MspI that was not detected in the rumen of goats.
Variations in rumen fermentation parameters can also be explained by changes in the bacterial composition. For example, sheep accumulated more protein metabolism products, such as ammonia, and valerate and branched-chain VFA, which seems to indicate a greater proteolytic activity (Jones et al., 1994) . This may be related to the abundance of protein-degrading bacteria of the order Bacteroidales (Dehority, 2003) that would correspond to the increased 98 and 85-bp T-RF detected with HhaI and MspI, respectively, in sheep. Nevertheless, a better ruminal utilization of nitrogenous compounds by the other species cannot be ruled out. In line with this, the higher ammonia accumulation observed in sheep, which appears to be inversely related to the efficiency of N use (Bach et al., 2005) , seems to contrast with its greater EMPS compared to cattle. However, EMPS is an indication of how much energy is directed towards N deposition in microbes rather than an estimate of the efficiency at which bacteria capture available N in the rumen (Bach et al., 2005) . In any case, these results should be interpreted with caution because all values of EMPS fell within the range described for the rumen but at the lower end (Bach et al., 2005) . Moreover, spot urine sample method may not have sufficient sensitivity to discriminate among EMPS values when differences between treatments are small (Chen et al., 1995) . Regarding the allantoin excretion, variations among the three ruminant species would match well with the differences in tissue xanthine-oxidase activity (Chen et al., 1995; Gonz alez-Ronquillo et al., 2004; Mota et al., 2008) .
Conclusions
Results obtained in this study suggest that cattle has a greater intake and digestive abilities than the small ruminant species for this particular vegetation conditions. This may be related to greater gut capacity in cattle. Data suggest a close relationship between grazing behaviour and rumen bacterial structure and its function in all three species. Goats seem to have more specialized microbial populations in their rumen to handle the more fibrous and tannin content in their diet.
